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Abstract 
For a long period of time the need for power in Germany has mainly been and is still 
covered by coal as a very important resource. To extract the coal, some big holes in the 
surface were dug. After ending of the coal mining, they were filled with water in order 
to use them effectively, so anthropogenic lakes will be created. By 2050 the water 
surface area in the south of Leipzig will be enlarged to 6000 ha as a consequence of 
human intervention (Berkner, 2003). Due to the changed soil surface, there will be 
generate a change in the interaction between the atmosphere and the earth. In this 
article an approach is demonstrated to classify the effects of anthropogenic lakes with 
help of a mesoscale model.  
Zusammenfassung 
Über lange Zeiträume und auch noch zur jetzigen Zeit wird der anhaltende Bedarf an 
Energie in Deutschland vor allem durch die Ressource Kohle gedeckt. Zum Zweck 
ihrer Gewinnung wurden so teils große Löcher in die Erdoberfläche gebaggert. Diese 
werden nach Stilllegung zur nachhaltigen Nutzung mit Wasser gefüllt, was zum 
Entstehen anthropogener Seen führt. Im Leipziger Süden wachsen so bis zum Jahr 
2050 durch menschliches Zutun Wasserflächen mit einer Gesamtfläche von 6000 ha. 
Durch die veränderte Bodennutzung kommt es zu einer veränderten Wechselwirkung 
zwischen Atmosphäre und Erde. In diesem Artikel wird ein Ansatz vorgestellt, die 
Wirkung anthropogen entstandener Seen auf ein mesoskaliges Modell zu 
klassifizieren.  
1 Introduction 
When anthropogenic lakes are built, there might occur a changing interaction between 
the atmosphere and the earth. Water has a high heat capacity and a low albedo    
(αw=6-12%, global average: α=30%) (Kraus, 2004), which means that water bodies are 
a reservoir of heat. Water surfaces deliver latent heat, so especially days of high wind 
and dry air are efficient. Anthropogenic lakes have a direct impact on the equation of 
energy balance: 
 0. (1.1)
(Q0-Energy balance, B0-Soil heat, H0-Sensitive heat, E0-Latent heat) 
In parts, the influence of anthropogenic lakes can be studied and measured. However, 
this topic partly is a future topic which will become reality in the middle of this 
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century. For meteorological processes, different tools are given, for example numeric 
models. Thus, fictional and future case scenarios can be simulated with the help of 
those models. Today, the capacity of computers is so advanced that grid points which 
have less than one kilometre distance, can be simulated. Such simulations can be 
integrated into regional planning. For those being interested, like the Dam authority of 
the Freestate of Saxony, information’s about the changing water budget, granting 
drinkable water, and influence on microclimate by the lakes can be simulated and 
forecasted. 
A Long-term objective should be adapting the mesoscale model GeSIMA       
(Kapitza, 2003) to give an answer for regional planning. Step by step, this model 
should lead to a system which has to examine its sensitivity for the leading boundary 
conditions. First, the boundary conditions should be arranged simple, so that the 
influence of changing soil use parameters like capillary, field capacity, albedo, and 
roughness length can be tested in order to calculate values like potential temperature θ, 
absolute temperature T, specific humidity q, and evapotranspiration V. For this case, it 
is a need to implement an available CLC-dataset (chapter 2.2) and a topography-
dataset in GeSIMA to have flexible areas of simulation and, furthermore, to test the 
new handling of data in a next step. At the end, representative conditions of soil use, 
topography, and the atmosphere have to be used and there should be a possibility to 
use GeSIMA with a web 2.0 Homepage. 
2 Mesoscale model GeSIMA 
GeSIMA is a non-hydrostatic, mesoscale and meteorological model (β- and γ-scale).  
This mesoscale model of weather is based on the averaged equation of motion for 
momentum, the partial mass of dry air, the humidity, liquid water in the atmosphere 
(liquid precipitation, cloud water) and frozen water (cloud ice, solid precipitation). In 
addition, it is based on the total mass by the equation of continuity and also on the 
energy balance with the first fundamental theorem of thermodynamic. 
2.1 Basics 
The conservation of momentum, mass and energy is the base for every modelling, also 
of modelling with GeSIMA. Complex atmospheric processes have to be simplified or 
parameterized to have a useful balance between the time of simulation and the 
needing. An overview of the complete GeSIMA-Basic is given by the GeSIMA 
Documentation Manual (Kapitza, 2003). 
2.2 The CORINE Land Cover (CLC) and the soil parameterization 
The CORINE (COoRdinated INformation on the European environment) Land Cover 
is a dataset for the soil use in Europe which is provided by the European Union (EU). 
The classification of soil use is split up in five main classes, which in turn are split up 
in individual intermediate classes. Those are again split up in some subclasses. An 
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overview is given by (Keil et al., 2005). A total of 43 different classes of soil use are 
needed to describe Europe, whereby 37 of them are relevant for Germany. The     
CLC-dataset is available in Gauß-Krüger coordinates. This coordinate system 
corresponds to the transversal Mercator projection, which means, an angle preserving 
cylindrical-transformation is created and the central meridian is the only equidistant of 
its length. In greater distance to these, the distortion is coming bigger. The main axes 
of the coordinate system are named “northing” or rather “easting”.  Through an offset 
the origin of the ordinates can be shifted for rectification. The mathematic 
transformation in a Gauß-Krüger coordinates system is based on differential equations, 
which are approached with a regression of Taylor (Braun, 2009).  
In GeSIMA ten parameters for different soil types are given for every CLC-value: 
1. Diffusion coefficient [m2s-1] 
2. Heat capacity [JK-1m-3] 
3. Emissivity 
4. Albedo 
5. Roughness length [m] 
6. Field capacity [m] 
7. Capillarity [kgm-3s-1] 
8. Characteristic of roughness elements  
9. Max. Evaporative conductivity [ms-1] 
10. Resistance for lead particles [sm-1] 
 
Examples of the parameters of different soil use are given in the table: 




111 1.0E-06 2.0E+06 0.90 0.2 2 0.009 0.001 1 0 270




211 8.4E-07 2.1E+06 0.95 0.25 0.05 0.15 0.001 1 0 400




311 7.0E-07 2.5E+06 0.97 0.25 1.5 0.255 0.008 0 0.023 130
Mixed 
forest 313 7.0E-07 2.5E+06 0.97 0.2 1.5 0.255 0.008 0 0.023 155
Lakes 512 1.4E-07 4.2E+06 0.95 0.1 1E-04 1 1 1 0 0 
Table 2.1: CLC soil use and corresponding parameters 
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3 Model area of simulation in Saxony 
The south of Leipzig is suited as a model area in Saxony. This area is characterized by 
enlarging, anthropogenic lakes which were built by flooding of opencast pit with 
water. The flooding of the area will be finished by the year 2050. Therefore, lakes will 
arise to a total area of more than 6000 ha. 
        
Fig. 3.1: Topography of the south of Leipzig (year 2050 (left), year 2000 (right)) 
(black white: valley hill). Areas of opencast pit are brighter after flooding. 
 
Affected by new lakes, the topography is assimilated to simulate a water surface which 
is higher than the holes before (Fig 3.1). The soil use changed from opencast pit to 
lakes (Fig. 3.2).  
 
   
Fig. 3.2: Change of the CLC soil using in the south of Leipzig (2050 (left), 2000 
(right).) 
4 Differences of meteorological values by arising lakes 
In section 4 some examples of differences between the fields of temperature, humidity 
and evapotranspiration are shown. Those differences result from the arising or new 
accruements of lakes in the south of Leipzig. In the numeric models, the state of 
flooding in the year of 2000 has a total area of water of 1500 ha. For the state of 
flooding in the year of 2050, the total area of water will be nearly 7500 ha. 
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4.1 Initial conditions (summer atmosphere Leipzig (SAL)) 
SAL is a fictional summer atmosphere for Middle Germany. The atmospheric layering 
is stable and the wind has a north-east direction with a velocity of 2-4 ms-1 ten meters 
above the ground. The change of the temperature of the water surface during one day 
is small contrary to the change of the surface temperature of solid soil, so for          
24h-simulations the surface temperature of the lakes is used as a constant (293 K). 
4.2 Differences of the field of temperature 
Conditioned by the smaller area of water surface in the year 2000, it was calculated in 
comparison to the year 2050 that the downwind area shows a smaller effect to the field 
of temperature. By day the differences of the fields of temperature (Fig. 4.1 (right)) 
only refers to the new area of the lakes. Whereas in the morning (Fig. 4.1 (left)), the 
difference of the temperature in the lee side of the lakes is clearly distinct. An area of 
300 km2 in the downwind side of the lakes is influenced by the warmer lakes in 
relation to the air mass. 5 K of heating is the maximum. The maxima of heating occur 
by the fact, that the air masses which are influenced by one lake are affected by a 
second lake in the lee side of the first. So, the temperature of the air is still higher. The 
centre heating rate by the arising lakes in 2050 is 1-3 K higher compared to situation in 
the year 2000.  
 
 
Fig. 4.1.: Differences of the field of temperature/K, due to the lakes becoming larger in 
the south of Leipzig (state of flooding 2050 minus 2000). The points of time of the 
situation of the atmosphere are 03:00 left side and 12:00 right side of the figure. 
4.3 Differences of the field of humidity 
Figure 4.2 illustrates the differences of the field of humidity (mixing ratio) which are 
due to the enlargement of the lakes until the year 2050. By day (Fig. 4.2 (left)), only 
the nearest area to the new lakes are influenced by the emitted humidity as well as the 
field of temperature. Thereby 1-2 gkg-1 are the maxima of humidification. By night 
(Fig. 4.2 (right)), the lakes are warmer than the air mass which is not influenced by the 
lakes. Thus, the warmer lakes reduce the stability of the atmospheric boundary layer. 
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Hence, the humidification is larger than by day. The elevation of the mixing ratio, 
relative to the not influenced air mass of the lakes is situated between 3-4 gkg-1 by 
night. The influenced area beyond (lee side) the lakes, also gets larger.  
 
Fig 4.2: Differences of the field of humidity /gkg-1, due to the lakes becoming larger in 
the south of Leipzig (state of flooding 2050 minus 2000). The points of time of the 
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Fig. 4.3 illustrates the evapotranspiration of a lake and mixed forest for the example of 
the atmosphere SAL during one day. Lakes have a constant input of water vapour 
contrary to wet soil uses like mixed forest, which result in different values of 
evapotranspiration over the day. By night, only the area of the new lakes evaporates. 
The value by night is less than the value of evapotranspiration by day, but the 
difference is situated at ca. 0.02 mmh-1. In the afternoon the maximum of the emission 
of water vapour of the lakes is reached (0.08 mmh-1). Evapotranspiration by mixed 
forest only occur by day. The maximum value of evapotranspiration is at 0.15mmh-1 
which is higher than the emission of water vapour by lakes. In total the emission of 
water of lakes is more efficient because of the continuity of evapotranspiration.  
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Two reasons for the differences are: 
1. Greater roughness by solid soil uses have a raising effect of evapotranspiration 
(z0(lakes)=0.01-0.05m, z0(forest)=1.5m, z0(city)=1-2m) (Kapitza, 2003).  
2. A lake, which is warmer relative to the air mass, damps the temperature of the 
air above the lake. So, it is possible that the dew point of the air mass over the 
lake is not been reached, differently to the air mass over solid soil use as in the 
example SAL. Therefore, evapotranspiration over lakes is possible by night. 
 
To conclude, a lake is not automatically the most evaporative soil use. What matters is 
the interaction of atmospheric processes like precipitation, the humidity and the 
temperature of the air, the lake on one hand, and geologic conditions like field capacity 
of the soil and their soil moisture on the other hand.   
5 Conclusions 
Simulations with GeSIMA are helpful to get an overview of possible impact of a 
changed interaction between the atmosphere and a changing soil use. Mesoscale 
simulations using a resolution of the surface structure (land use, topography) of round 
about one kilometre are possible. So, conclusions to regional planning for this small 
scale are feasible (flooding of opencast pit). For the simulation example (SAL) the 
difference of the temperature between earth and atmosphere is decisive for mesoscale 
atmospheric processes. So called “cold” lakes, which are colder than the air mass, have 
only an impact to the nearest areas of the lakes. These cold lakes have a stabilizing 
effect and this reduce the impact to the regional temperature and humidity fields. In 
contrast “warm” lakes, which are warmer relative to the air mass, generate an effect of 
labilization. As a consequence, affected areas are far from the shoreline of the lakes. 
The evapotranspiration of lakes shows only a slightly variation during one day. In 
contrast, especially a wet soil surface evaporates much more water during one day. At 
night the evaporation is zero. As a result the lakes affect the climate condition 
especially at night and not so much at day. 
6 Outlook 
A statement to a climate effect with the help of meteorological parameters like 
direction of wind, velocity of wind, thermal stratification of the atmosphere, and the 
mean influence of clouds is possible now. Results of the climate effect will be 
analyzed in the next step of work. So, for instance statements the effect of the 
evapotranspiration of lakes will be classifiable for different situations of the 
atmosphere for interested parties like LTV (Landestalsperrenverwaltung Sachsen). 
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